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5. (a) Rachelinvestigates a simple pendulum consisting of a small metal sphere suspended by
a thread. She determines its period to be 2.40s.

(

Calculate the length of the pendulum.

]

i)..
T

(i) Rachel now displaces the sphere by 0.050m to one side of its equilibrium position
and releases it at time ¢ = 0. ' : ‘ :

R
N 0.05-
)&J@O ‘ x/m‘ -\

I Sketch a graph of displacement, x, against time, ¢, for the sphere between
t=0and ¢ = 3.00s on the grid provided. Take the initial value of x to be
positive. L [2]

Il. Use an appropriate equation to calculate the sphere’s displacement at
t=1.60s. ’ [2]

7"0-02. e e
(ll. Calculate the sphere’s velocity at ¢ = 160s. ' [2]

v = —pwsalwt)

....................................................

IV. ' State the next time at which the sphere has the same velocity. [1]
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(b) Explain what is meant by resonance, and how its effects can be reduced in a particular ot
case where resonance should be avoided. [6 QER]
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5.

(@) Rachel investigates a simple pendulum consisting of a small metal sphere suspended by
a thread. She determines its period to be 2.40s.

(i) Calculate the length of the pendulum.

(i) Rachel now displaces the sphere by 0.050m to one side of its equilibrium position
and releases it at time ¢ = 0.

x/m \ | //

-

-0.05

. Sketch a graph of displacement, x, against time, ¢, for the sphere between
t=0and ¢t = 3.00s on the grid provided. Take the initial value of x to be
positive. [2]

@ Use an appropriate equation to calculate the sphere’s displacement at
t=1.60s. [2]

lll. Calculate the sphere’s velocity at r = 1.60s. [2]
......... S e
i
........ 2o QJVX_ O o 0 1 o Sl 065 ms T
2.4
IV. State the next time at which the sphere has the same velocity. [1]
8-163202 5o Z2seconds
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—_ (b)\ Explain what is meant by resonance, and how its effects can be reduced in a particular
case where resonance should be avoided. [6 QER]
Resonance.. 0ccurs....whan.. a..sinosaidaldy. VY ing.
driing. force it applied to o natumdly....

............................. (jof
................... Fcrq.w.\;g“...

okt ﬁ/\a ___________ oscillatcng. . .3 H,s&,mﬂ' ....... is..oaich to

@ .............................
dying...amcay..of. emplifude . . Resonance. ...

in..boidges.... Shouwld.  be  owoided. ds excossive .
whobron werwdel P it 1o much. force on He .

MLLMc%f’ ..... co..the bridge. as.. aswhole con
never resgnaka .

© WJEC CBAC Ltd. (A420U10-1) Turn over.

Examiner

only

A420U101

09

15











Examiner
[
5. (@) Rachelinvestigates a simple pendulum consisting of a small metal sphere suspended by .

a thread. She determines its period to be 2.40s.

(i) Calculate the length of the pendulum. [2]

e B R B bl 4 010 o s e e S R B S 0 e S O TNT UT R RN mwimmimimincminie oo MO g s i o o e T o S TR 6 54T 4 s v MR R R B R RS R B

(if)  Rachel now displaces the sphere by 0.050m to one side of its equilibrium position
and releases it at time 7 = 0.

0.05+—— =
x/m AN
Ot UL I 1 1/| L —— T T 1
0 1 2 s 3
~0.05 =l

| Sketch a graph of displacement, x, against time, ¢, for the sphere between
t =0 and ¢ = 3.00s on the grid provided. Take the initial value of x to be

positive. [2]

Il. Use an appropriate equation to calculate the sphere’s displacement at
=1.60s. [2]

.............. x=oo§c08(;’m%‘*ooS'co%SjTrUé)

lll.  Calculate the sphere’s velocity at 1 = 1.60s. [2]

.................. = o o5 (£m) s {frr[uo))=~°045ms/’
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(b) Explain what is meant by resonance, and how its effects can be reduced in a particular
case where resonance should be avoided. [6 QER]

.......................... el dompuaa_ e _emgbidude—ol—e  dus Yo e :
%‘rlwv&cm ...... ex\ov\wkok(ocut ........ Whon. M Ao s Mg ewoosh e
Ko sqekem.....dogsel . _oxillede. de fore....ne \'U('\‘\%\’O'B‘ ...... Hs . @‘wf\.é.\.@n‘.\am ...... poschen
s e aiRed d@mpx‘n%“ ...... LS. W%\m\wh&usal‘u\ ...... fo. . auold revonew@ . .
ol g angWhade Spka e comallad O0%

3%(9\*3 > adawed \m% add w?e,\m\ou Cordo to  bredes

: hro
w\ida pYov de F. f\‘O\LQ_ ‘o 3\-09 oD \\k\-\o wS . A ] S v\%f 5
+°° V\d\&'\\lm (NS W Koo o Q\-\—U;L .
© WJEC CBAC Ltd. (A420U10-1) Turn over.










Marks available

estion Marking details
Questl ing detal AOL | AO2 | AO3 | Total | Maths | Prac
(@) (1) Correct substitution of data (1) 1
£=143m (1) 1 2 2 2
(i) [ Recognisable cosine graph of amplitude 0.050m (1)
Zeros at approximately 0.6 s, 1.8s, 3.0s, that is correct period 2 2 1 2
[even if —cosine graph] (1)
I | x [/m] = 0.050 cos an or equivalent or by implication (1)
x=-0.025m (1) 2 2 2 2
If no working given, 0 marks for any incorrect answer (e.g.
—0.24 m)
| [/ms™1] =-0.050 x ZZsin2n=2 or equivalent (1)
: 24 24 2 2 2 2
v=0.11ms* (1)
For tangent method on sketch graph, award the second mark
for 0.11+0.03ms™
IV | 2.0s 1 1 1
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Question

Marking details

Marks available

AO1

AO2 AQO3

Total

Maths

Prac

(b)

A: Meaning of resonance

Al Term applies to forced oscillations.

A2 Forced oscillations occur when a system is subjected to a
periodic driving force.

A3 Resonance occurs at a particular frequency of driving
force...

A4 .. which is the same frequency as the system’s natural
frequency

A5 At resonance the amplitude of the oscillations is a
maximum [for a given amplitude of driving force].

B: How effects can be lessened

B1 System mentioned where resonance is a nuisance (e.g
suspension bridge).

B2 A little information given about the oscillations and/or the
driving force for this system.

B3 Increasing the damping will lessen the amplitude of the
oscillations.

B4 Making sure the forcing frequency avoids the system’s
natural frequency (e.g. by shifting system’s natural frequency)
will also lessen amplitude
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Question

Marking details

Marks available

AO1

AO2 AQO3

Total

Maths

Prac

5-6 marks

Expect: A2 + A4 + A5,

Bl + B2 + (B3 or B4)

There is a sustained line of reasoning which is coherent,
relevant, substantiated and logically structured.

3-4 marks

Expect: (Al or A2) + (A3 or A4) + A5

Bl + (B3 or B4)

There is a line of reasoning which is partially coherent, largely
relevant, supported by some evidence and with some
structure.

1-2 marks

Expect 3 points with at least 1 point made from each of A
and B.

There is a basic line of reasoning which is not coherent,
largely irrelevant, supported by limited evidence and with very
little structure.

0 marks
No attempt made or no response worthy of credit.

Question 5 total

15
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(a) Rachel investigates a simple pendulum consisting of a small metal sphere suspended by
a thread. She determines its period to be 2.40s.

(

Calculate the length of the pendulum.

]

i)..
T

(if)

Rachel now displaces the sphere
and releases it at time ¢ = 0. '

R
N 0.05-
)&J@O ‘ x/m‘ -\

by 0.050m to one side of its equilibrium position

o {4
0 T T 1 I T 'l T
> 0 01 T :

I Sketch a graph of displacement, x, against time, ¢, for the sphere between
t=0and ¢ = 3.00s on the grid provided. Take the initial value of x to be

positive. [2]

Il. Use an appropriate equation to calculate the sphere’s displacement at
t=1.60s. ’ [2]
......................... 2oz Aeswb N

( AN bO
.......................................... go‘osks 2,0*0“
7"0-02. \'n ...............................................................................
(ll. Calculate the sphere’s velocity at ¢ = 160s. [2]
S A —-Aws\ﬂ(“’n ..........................................................................
2 (l .
........................................ ‘-005*;»’&*"“(2&(-0*"“)
- \ s

....................................... = O°“%“‘$(-35\:=’)
IV. ' State the next time at which the sphere has the same velocity. [1]
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roberm

Sticky Note

(a) (i) – (ii) III Clear and correct answers. [Full marks]



roberm

Sticky Note

The velocity is indeed the same at t =4.0 s (one period later), but the next time is at t =2.0 s (same gradient of x–t graph as at t =1.6 s). Many candidates made this mistake. [0/1]
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(b) Explain what is meant by resonance, and how its effects can be reduced in a particular
case where resonance should be avoided. [6 QER] @
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roberm

Sticky Note

Rather oddly, the meaning of resonance isn’t explained until lines 7 – 10, and even then it isn’t made clear that amplitude is greater at the resonance frequency than for other frequencies of driving force. The bridge is a good example, and the candidate has explained why it undergoes forced oscillations. Damping is correctly given as a measure to reduce the amplitude of the oscillations, but the issue is confused by the piece at the end about critical damping, which is relevant to natural oscillations but not to the forced oscillations that the question is asking about. Middle band. [4/6]










5.

(@) Rachel investigates a simple pendulum consisting of a small metal sphere suspended by
a thread. She determines its period to be 2.40s.

(i) Calculate the length of the pendulum.

(i) Rachel now displaces the sphere by 0.050m to one side of its equilibrium position
and releases it at time ¢ = 0.

x/m \ | //

-

—-0.05

I. Sketch a graph of displacement, x, against time, ¢, for the sphere between
t=0and ¢t = 3.00s on the grid provided. Take the initial value‘pf’x to be

positive. Yy
L
@ Use an appropriate equation to calculate the sphere’s displacement at
t=1.60s. [2]
......... x=Acos(wbee)
29 /
6. 20:05 cos (Ze X 06) "
.......... X300 0 250
lll. Calculate the sphere’s velocity at ¢ = 1.60s. [2]
T
i
Nogn QUVX_ 80252 s 065 ms . ... -
2.4
IV. State the next time at which the sphere has the same velocity. [1]
18216202 Z2secandS. oo
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roberm

Sticky Note

a) (i) – (ii) II Full marks



roberm

Sticky Note

Very confused. Candidate has, in fact, calculated 1/2Vmax . [0/2]



roberm

Sticky Note

Correct answer – and clearly not by accident. [1/1]
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roberm

Sticky Note

There seems to be some confusion between forced oscillations and natural oscillations: the candidate refers to “... a naturally oscillating system...” and later to damping causing oscillations to die away – rather than reducing the amplitude of forced oscillations. It isn’t stated that the amplitude is greatest at resonance. The bridge is a good example to have chosen, though there is no hint as to what the driving force might be. Middle band.  [3/6]










8
(@) Rachel investigates a simple pendulum consisting of a small metal sphere suspended by
a thread. She determines its period to be 2.40s.
(i) Calculate the length of the pendulum. [2]
7 @
. ... 1”\/—:> .............. LQV) ..... :‘HTPQ_ ........................................................................
.............................................................................. 2 LMD M
(if)  Rachel now displaces the sphere by 0.050m to one side of its equilibrium position
and releases it at time 7 = 0.
0.05 = P2 5
N\ P4
OIIIIIIIII[‘Illli/llllhllll
0 1 | 2 is 3
~0.05 s

| Sketch a graph of displacement, x, against time, ¢, for the sphere between
t =0 and ¢ = 3.00s on the grid provided. Take the initial value of x to be

positive. [2]

Il. Use an appropriate equation to calculate the sphere’s displacement at
=1.60s. [2]

.............. xogc%(;;o)%oﬂmslﬁ(lé)

lll.  Calculate the sphere’s velocity at z = 1.60s. [2]
_ - B _S: y ’:»‘ - ‘ _ Oé 6 —/
............................ oy (Em o) Fr ), ER LR SR ——
IV. State the next time at which the sphere has the same velocity. [1]
Zo Y.0 s X
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roberm

Sticky Note

(a) (i) – (ii) II Full marks



roberm

Sticky Note

Cosine used instead of sine. [0/2]



roberm

Sticky Note

The earlier case at t = 2.0 s missed. [1/1]
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roberm

Sticky Note

The meaning of resonance is given correctly. We are not told the type of bridge chosen as an example, though mention of “adding” suspension cords in the last paragraph might suggest a suspension bridge. “The driving frequency of the wind” is hard to interpret, but this was not penalised. [Footfall-induced oscillations give a more clear-cut example of resonance.] Damping is correctly given as a countermeasure, but there is some confusion between natural oscillations and forced oscillations. Middle band.  [4/6]










(@) Rachel investigates a simple pendulum consisting of a small metal sphere suspended by
a thread. She determines its period to be 2.40s.
(i) Calculate the length of the pendulum. 2]
(i)  Rachel now displaces the sphere by 0.050m to one side of its equilibrium position
and releases it at time 7 = 0.
0.05
x/m
OIIIIIIII1IIIIIIII2IIIIIIII
0 tls 3
-0.05

I. Sketch a graph of displacement, x, against time, ¢, for the sphere between
t =0 and r = 3.00s on the grid provided. Take the initial value of x to be

positive. [2]
II. Use an appropriate equation to calculate the sphere’s displacement at
t=1.60s. [2]
[ll. Calculate the sphere’s velocity at 7 = 1.60s. 2]
IV. State the next time at which the sphere has the same velocity. 1]
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(b) Explain what is meant by resonance, and how its effects can be reduced in a particular o

case where resonance should be avoided. [6 QER]
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11

12

State two assumptions that must be made about the molecules of an ideal gas in order
to derive the kinetic theory equation: 2]

A cylinder of volume 5.0 x 102 m? contains 2.20 mol of argon gas (relative molecular
mass, M, = 39.9) at a pressure of 250 kPa.

Calculate the rms speed of the argon molecules. [3]

State what would happen to the rms speed if the kelvin temperature of the
gas in the cylinder were doubled, justifying your answer. [2]

s weo\d caou(? ......... h \3 ........ \ﬁ: ............ 0 m%\(w\@\’wf\f ..............

Explain briefly whether or not your answer to (b) (ii) I. would still apply if some
gas escaped from the cylinder while the temperature was being raised.  [1]
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7. (a) State two assumptions that must be made about the molecules of an ideal gas in order
to derive the kinetic theory equation: [2]
p=5pc

L ML olhisionn... @éwﬁamﬁw‘o .........................................................................
=A“Mw%&aé ..... M,géwa ..................... e e
(b) A cylinder of volume 5.0 x 1072 m® contains 2.20 mol of argon gas (relative molecular

mass, M, = 39.9) at a pressure of 250 kPa.
#& () Calculate the rms speed of the argon molecules. __ _ [3]

p i N 2
........................... R e e
i
Y O LS VA I, . SRV XL A N —
3 low @
T N Pl B
- 1
T
..... A BN R
— 25—(;“4@'%)6 S.onile -
T . =

Y SRR, S | B 2N %A,{Az.gz,g‘.éx.a.egw .........................................
(i) |. State what would happen to the rms speed if the kelvin temperature of the
gas in the cylinder were doubled, justifying your answer. [2]

ll. Explain briefly whether or not your answer to (b) (ii) I. would still apply if some
gas escaped from the cylinder while the temperature was being raised. [1]
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(a) State two assumptions that must be made about the molecules of an ideal gas in order
to derive the kinetic theory equation: , 2]

p=3%pc

GravHHag

ﬂ‘gﬁ?‘ﬁ{%) ....... d?ﬂer ...... ‘é@n{%\ ...........
od

(b) A cylinder of volume 5.0 X 1072 m® contains 2.20 mol of argon gas (relative molecular
mass, M, = 39.9) at a pressure of 250 kPa.

(i)

(i) |. State what would happen to the rms speed if the kelvin temperature of the
gas in the cylinder were doubled, justify@your answer. [2]

( %ME = %NU\T\)

II.  Explain briefly whether or not your answer to (b) (ii) I. would still apply if some
gas escaped from the cylinder while the temperature was being raised. [1]

Examine
only
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Question

Marking details

Marks available

AO1

AO2 AO3

Total

Maths

Prac

(a)

Two X (1) from:

* Molecules [themselves] occupy negligible volume

* Molecules exert negligible forces on each other except during
collisions or move in straight lines between collisions

* There is no preferred direction of molecular velocity or
[directions of] motion are random or equivalent

» Collisions are elastic [on average]

+ Collisions take negligible time or equiv, e.g. molecules are
hard spheres

(b) i

B0l o ol
T 0.050 [m3] or by Impllcatlon (1)

Crms = \/% or by implication (e.g. re-arrangement after data

inserted). Mark can be given even if p is wrong (1)
Crms = 654 ms™1 (1)
Slips in 10" — —1; incorrect Na = 1max

%mc_z = %kT used or KE proportional to T or equiv or by imp (1)

¢:ms gO€S up by [factor of] V2. (1)
Accept+/2 x 654ms~!or924ms™!

Yes, c¢-ms depends only on temperature, or equivalent

Question 7 total
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11

(a@)

(b)

12
State two assumptions that must be made about the molecules of an ideal gas in order
to derive the kinetic theory equation: 2]
p=3%pc

A cylinder of volume 5.0 x 102 m? contains 2.20 mol of argon gas (relative molecular
mass, M, = 39.9) at a pressure of 250 kPa.

Calculate the rms speed of the argon molecules. [3]

State what would happen to the rms speed if the kelvin temperature of the
gas in the cylinder were doubled, justifying your answer. [2]

............................................................................................................ B T
.............. \Tmmszl}j
ST | CSTCT=re1 ¢S W (00 ....... u(? ......... h \3 ........ \ri“b ...... W\%\(wvvs\twf\ ..............
[l. Explain briefly whether or not your answer to (b) (i) . would still apply if some
gas escaped from the cylinder while the temperature’ was being raised. [1]

.......... ﬁ@wwméwwmmwwﬁKQ}M%Mjlwww%i;wwwmwmwwmmwm
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roberm

Sticky Note

Second mark given for “move randomly” rather than “energy distributed randomly”.  [2/2]



roberm

Sticky Note

Rms speed calculated competently apart from failure to convert molecular mass to kg. [2/3]



roberm

Sticky Note

Clear argument and correct conclusion. [2/2]



roberm

Sticky Note

Correct. The explanation was to the point – and certainly brief! [1/1]










12

7. (a) State two assumptions that must be made about the molecules of an ideal gas in order
to derive the kinetic theory equation: [2]
p=5pc

L ML olhisionn... @éwﬁamﬁw‘o .........................................................................
=A“Mw%&aé ..... M,géwa ..................... e e
(b) A cylinder of volume 5.0 x 1072 m® contains 2.20 mol of argon gas (relative molecular

mass, M, = 39.9) at a pressure of 250 kPa.
#& () Calculate the rms speed of the argon molecules. __ _ [3]

p i N 2
........................... R e e
i
Y O LS VA I, . SRV XL A N —
3 low @
T N Pl B
- 1
T
..... A BN R
— 25—(;“4@'%)6 S.onile -
T . =

Y SRR, S | B 2N %A,{Az.gz,g‘.éx.a.egw .........................................
(i) |. State what would happen to the rms speed if the kelvin temperature of the
gas in the cylinder were doubled, justifying your answer. [2]

ll. Explain briefly whether or not your answer to (b) (ii) I. would still apply if some
gas escaped from the cylinder while the temperature was being raised. [1]
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roberm

Sticky Note

Two necessary assumptions.  [2/2]



roberm

Sticky Note

Candidate has put (NA x molar mass) where the mass of gas in the cylinder was needed. A serious error (serious errors?) of principle. Presumably candidate saw that the answer would be ludicrous and didn’t continue the calculation. [0/3]



roberm

Sticky Note

Correct proportionality given, but wrong rms speed calculated. [1/2]



roberm

Sticky Note

Illogical. [0/1]










12

(a) State two assumptions that must be made about the molecules of an ideal gas in order

to derive the kinetic theory equation: , 2]
p=5pc
Gpznidhon]
4. At .. eden. . Hoan....
od

(b) A cylinder of volume 5.0 X 1072 m® contains 2.20 mol of argon gas (relative molecular
mass, M, = 39.9) at a pressure of 250 kPa.

(i)

(i) |. State what would happen to the rms speed if the kelvin temperature of the
gas in the cylinder were doubled, justify@your answer. [2]

( %ME = %NU\T\)

II.  Explain briefly whether or not your answer to (b) (ii) I. would still apply if some

gas escaped from the cylinder while the temperature was being raised. [1]

..............................................................................................
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roberm

Sticky Note

Two necessary assumptions.  [2/2]



roberm

Sticky Note

The candidate succeeded eventually! [3/3]



roberm

Sticky Note

Clear reasoning and correct answer. [2/2]



roberm

Sticky Note

Incorrect. Equation used in previous part still holds and doesn’t involve number of moles in cylinder. [0/1]
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(a) State two assumptions that must be made about the molecules of an ideal gas in order
to derive the kinetic theory equation: [2]

(b) A cylinder of volume 5.0 x 1072 m? contains 2.20 mol of argon gas (relative molecular
mass, M, = 39.9) at a pressure of 250 kPa.

(i) Calculate the rms speed of the argon molecules. [3]
(ii) I. State what would happen to the rms speed if the kelvin temperature of the
gas in the cylinder were doubled, justifying your answer. [2]

II.  Explain briefly whether or not your answer to (b) (i) I. would still apply if some
gas escaped from the cylinder while the temperature was being raised. [1]
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8.

(a) 33.2 mol of nitrogen gas is contained in a cylinder fitted with a piston. The gas is allowed

14

to expand from A to B, doing work against the piston. A p—J graph for the expansion is
given below.

p/ MPa
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éL(i) Show that the expansion occurs at a constant temperature of approximately
360 K. Pv ot x ol (3]
4 T = = 360 Y (2s)
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(i) Determine the approximate amount of work done by the gas during the expansion.
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(i)  Riniclaims that the work done by the gas results inan equal amount of internal energy
being lost by the gas. Give the correct application of the first law of thermodynamics

to this isothermal expansion. [2]
............................................... A 2 B W VAT
............ lonstanb . 0 DD A 020 R
................. (Wlﬂr&/@’t‘%@d“bwi”*gﬁféV"W”’u‘j""‘e!’f}a%r)

(b)  An estimated 600 MJ of work can be produced by an ordinary car engine burning 0.10 m3
(100 litre) of petrol. An estimated 15 MJ of work can be produced by the expansion of the
same volume of air compressed to the highest safe (initial) pressure.

Discuss the advantages and disadvantages of powering cars by compressed air rather
than petrol. Calculations are not required. [3]
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8.

(@ 33.2 mol of nitrogen gas is contained in a cylinder fitted with a piston. The gas is allowed

14

|3

to expand from A to B, doing work against the piston. A p—V graph for the expansion is
given below.
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(i) Show that the expansion occurs at a constant temperature of approximately
360 K. [3]

(i) Determine the approximate amount of work done by the gas during the expansion.
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- Examiner

/ (iij)> Rini claims that the work done by the gas results in an equal amount of internal energy i
being lost by the gas. Give the correct application of the first law of thermodynamics
to this isothermal expansion. h;SO i sofham| [2] |

................. ALLE =% ————3 All= W .l

(b) An estimated 600 MJ of work can be produced by an ordinary car engine burning 0.10 m?3
(100 litre) of petrol. An estimated 15 MJ of work can be produced by the expansion of the
same volume of air compressed to the highest safe (initial) pressure.

Discuss the advantages and disadvantages of powering cars by compressed air rather
than petrol. Calculations are not required. [3]
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8.

(@ 33.2 mol of nitrogen gas is contained in a cylinder fitted with a piston. The gas is allowed
given below.

to expand from A to B, doing work against the piston. A p—¥ graph for the expansion is

p/ MPa
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(i) Show that the expansion occurs at a constant temperature of approximately
360 K. [3]
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(iif)  Riniclaims that the work done by the gas results in an equal amount of internal energy

being lost by the gas. Give the correct application of the first law of thermodynamics
to this isothermal expansion. 2]

(b)  An estimated 600 MJ of work can be produced by an ordinary car engine burning 0.10 m3
(100 litre) of petrol. An estimated 15 MJ of work can be produced by the expansion of the
same volume of air compressed to the highest safe (initial) pressure.

Discuss the advantages and disadvantages of powering cars by compressed air rather
than petrol. Calculations are not required. [3]
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Question

Marking details

Marks available

AO1

AO2

AQO3

Total

Maths

Prac

(@)

(i)

pV evaluated (or equivalent) at two or more points, at least one
of which isn’t at an extreme end of the curve (1)

Conclusion correctly argued (for example, constant pV implies
constant temperature) or simply finding equal temps from two
points. [For this mark accept both extremes, A and B.] (1)
T=362K (1)

(ii)

Reasonable method used to find ‘area’ under graph (1)
W =230 [+ 50] kJ (2)

(iil)

Internal energy doesn’t change [as temp doesn’t change
significantly] , [accept AU = 0] (1)

But an amount of heat flows into the system equal to work done
[by the gas] (1)

(b)

1 mark each for up to two ‘isolated’ points such as

» Compressed air car can’t go as far per fill' / lower range
» Compressed air car won't pollute [locally] [accept cleaner
power source]

» Car may be quieter running off compressed air

1 extra mark available for developing the first bullet eg ...

Car has to do work against resistive forces (and sometimes
against pull of gravity) hence use of fuel, compressed air etc.
Car won'’t go [nearly] as far on same volume of compressed air
as petrol

or much larger compressed air storage vessel will be needed
than petrol tank for car to be able to go as far.

1 extra mark available for developing the second bullet...
Car won't pollute

But work (or energy) needed to compress the gas
Probably involves burning fuel in a power station

Question 8 total

10
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8.

(a) 33.2 mol of nitrogen gas is contained in a cylinder fitted with a piston. The gas is allowed

14

to expand from A to B, doing work against the piston. A p—J graph for the expansion is
given below.
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éL(i) Show that the expansion occurs at a constant temperature of approximately
360 K. Pv ot x ol (3]
4 T = = 360 Y (2s)
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(i) Determine the approximate amount of work done by the gas during the expansion.
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roberm

Sticky Note

Calculating the temperature just at the two end-points, A and B, was considered a poor check of constancy. At least one intermediate point was needed for full marks.  [2/3]



roberm

Sticky Note

Although the “approximate” amount of work was asked for, the candidate’s method, unsurprisingly, led to an answer outside the range (230 J ± 50 J) that we needed for two marks. [A modification of the method that is easy to use and much more accurate is to draw a straight line that has – by eye – an area under it equal to the area under the curve. In this case the line might run between the point (V = 0.1 m3, p = 0.40  MPa) and the point B.] [1/2]
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(i)  Riniclaims that the work done by the gas results inan equal amount of internal energy
being lost by the gas. Give the correct application of the first law of thermodynamics

to this isothermal expansion. [2]
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(b)  An estimated 600 MJ of work can be produced by an ordinary car engine burning 0.10 m3
(100 litre) of petrol. An estimated 15 MJ of work can be produced by the expansion of the
same volume of air compressed to the highest safe (initial) pressure.

Discuss the advantages and disadvantages of powering cars by compressed air rather
than petrol. Calculations are not required. [3]
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roberm

Sticky Note

Clear and correct. [2/2]



roberm

Sticky Note

We credited compressed air engines being non-polluting, and were looking – usually in vain – to give another mark for the observation that compressing the air would no doubt generate pollution wherever it took place. This candidate, like many others, seemed to think that compressed air was a free resource. We were able to give another mark for the difficulty of storing compressed air. [2/3]










8.

(@ 33.2 mol of nitrogen gas is contained in a cylinder fitted with a piston. The gas is allowed

14

|3

to expand from A to B, doing work against the piston. A p—V graph for the expansion is
given below.
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(i) Show that the expansion occurs at a constant temperature of approximately
360 K. [3]

(i) Determine the approximate amount of work done by the gas during the expansion.

[2]
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roberm

Sticky Note

Temperature correctly calculated at point A, but no attempt to show constancy.  [1/3]



roberm

Sticky Note

Sometimes the simplest methods give the best results, though candidate clearly had to exercise judgement in the handling of part-squares. [2/2]
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/ (iij)> Rini claims that the work done by the gas results in an equal amount of internal energy
being lost by the gas. Give the correct application of the first law of thermodynamics

to this isothermal expansion. 5 s 211 M
h;o i OH«ZMI @
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(b)  An estimated 600 MJ of work can be produced by an ordinary car engine burning 0.10 m?3
(100 litre) of petrol. An estimated 15 MJ of work can be produced by the expansion of the
same volume of air compressed to the highest safe (initial) pressure.

Discuss the advantages and disadvantages of powering cars by compressed air rather| .
than petrol. Calculations are not required. [3] \
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roberm

Sticky Note

This answer exemplifies the quite common misconception that constant temperature implies no heat flow. [0/2]



roberm

Sticky Note

We accepted that compressed air engines would be (locally) non-polluting. The point about “much less energy” didn’t develop the information given in the question, and the last two points were considered unconvincing. [1/3]
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given below.
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360 K.

Show that the expansion occurs at a constant temperature of approximately
v = nRT
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(@ 33.2 mol of nitrogen gas is contained in a cylinder fitted with a piston. The gas is allowed
to expand from A to B, doing work against the piston. A p—¥ graph for the expansion is

[3]
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roberm

Sticky Note

Three points have in fact been used. The factor of 106 has been inserted (sometimes!) as an afterthought, and the third significant figure in the volume readings may be wishful thinking. Benefit of doubt was thought appropriate. [3/3]



roberm

Sticky Note

 P∆V wrongly applied. [0/2]
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Examiner

|
(iif)  Riniclaims that the work done by the gas results in an equal amount of internal energy o

being lost by the gas. Give the correct application of the first law of thermodynamics

to this isothermal expansion. 2]

(b)  An estimated 600 MJ of work can be produced by an ordinary car engine burning 0.10 m3
(100 litre) of petrol. An estimated 15 MJ of work can be produced by the expansion of the
same volume of air compressed to the highest safe (initial) pressure.

Discuss the advantages and disadvantages of powering cars by compressed air rather
than petrol. Calculations are not required. [3]
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roberm

Sticky Note

Question not addressed. [0/2]



roberm

Sticky Note

A mark was given for no (local) pollution from the compressed air engine, but nothing else of value was found. The principle of conservation of energy seems to be under threat towards the end of the answer.
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(@ 33.2 mol of nitrogen gas is contained in a cylinder fitted with a piston. The gas is allowed

to expand from A to B, doing work against the piston. A p—V graph for the expansion is
given below.
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(i) Show that the expansion occurs at a constant temperature of approximately
360 K. [3]

(i) Determine the approximate amount of work done by the gas during the expansion.

[2]
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Examiner

[
(i)  Riniclaims thatthe work done by the gas results in an equal amount of internal energy o

being lost by the gas. Give the correct application of the first law of thermodynamics
to this isothermal expansion. 2]

(b)  An estimated 600 MJ of work can be produced by an ordinary car engine burning 0.10 m3
(100 litre) of petrol. An estimated 15 MJ of work can be produced by the expansion of the
same volume of air compressed to the highest safe (initial) pressure.

Discuss the advantages and disadvantages of powering cars by compressed air rather
than petrol. Calculations are not required. [3]
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